Introduction

Importance of Magnetic Fields
In 1908, just 12 years after Zeeman discovered that magnetic fields cause a polarization and shift in certain spectral lines, Hale used this effect to detect the presence of strong magnetic fields in sunspots. Further studies have shown that magnetic fields exist over the entire surface of the sun in very complicated patterns and determine the structures and motions of the solar plasma such as prominences, spicules, and flares. The very strongest fields of several thousand gauss cause the spectral lines to actually split but for weaker fields the Zeeman shift is only a small fraction of the line width and to measure this shift four steps are required: spectral dispersion or isolation of a magnetically sensitive line, selection of one state of circular polarization, detection of the light intensity, and finally the subtraction of the light in the two opposite states of polarization.
Spectral isolation can be achieved by a spectrograph or optical filter; the polarization states can be selected by an electro optic crystal or quarter wave plate with polarizer; the detector can be a phototube, film, or television camera; and the subtraction can be electronic, photographic, or digital. This paper describes a new type of solar magnetograph using digital techniques.
General Types of Magnetographs
Solar magnetographs using a spectrograph isolation and photomultiplier tubes as detectors have been in use since they were introduced in 1932 by Kuipenhauer and Bab- cock. Many refinements in recent magnetographs include Zeeman compensation (Evans), measurement of transverse magnetic fields, and use of multichannel detectors (Livingston). This work was performed under the Aerospace Corporation company funded research program.
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A new approach was taken by Leighton (1960) in which film is used as the detector and two spectroheliograms are photographically subtracted. The instrument being described here uses a filter for spectral isolation and a television camera for sensor.
A Filter Magnetograph
Since the use of a filter for measurement of magnetic fields is relatively recent, it is perhaps useful to explöre its potential as a magnetograph as well as its potential drawbacks.
An obvious drawback is that at present optical filters do not have as narrow a bandpass as can be obtained with a spectrograph. Furthermore, the passband is not as clean nor as tuneable although the state -of-the -art in optical filters is rapidly improving in all three areas. Several advantages are obvious also. The use of filters and filtergrams have made possible real time monitoring of the sun and observation of short -lived phenomena which would not be possible with only spectrographs and spectroheliograms.
Design Goals
In the design of the present magnetograph the purpose was to obtain high performance combined with rapid and easy data reduction.
Model for an Idealized Magnetograph
As in most designs the aims are in conflict so that in order to improve one aspect, such as time resolution, performance is lowered in another aspect, such as sensitivity. One must then make certain tradeoffs, which for actual systems are difficult to predict in advance. One can, however, calculate such trade -offs if one leaves the real world and considers a somewhat idealized magnetograph. The idealized system we shall consider consists of a telescope with an objective lens area A and given efficiency. Spectral isolation of bandwidth Introduction Importance of Magnetic Fields
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A new approach was taken by Leighton (I960) in which film is used as the detector and two spectroheliograms are photographically subtracted. The instrument being described here uses a filter for spectral isolation and a television camera for sensor.
A Filter Magnetograph
Since the use of a filter for measurement of magnetic fields is relatively recent, it is perhaps useful to explore its potential as a magnetograph as well as its potential drawbacks.
An obvious drawback is that at present optical filters do not have as narrow a bandpass as can be obtained with a spectrograph. Furthermore, the passband is not as clean nor as tuneable although the state-of-the-art in optical filters is rapidly improving in all three areas. Several advantages are obvious also. The use of filters and filtergrams have made possible real time monitoring of the sun and observation of short-lived phenomena which would not be possible with only spectrographs and spectroheliograms.
Model for an Idealized Magnetograph
As in most designs the aims are in conflict so that in order to improve one aspect, such as time resolution, performance is lowered in another aspect, such as sensitivity. One must then make certain tradeoffs, which for actual systems are difficult to predict in advance. One can, however, calculate such trade-offs if one leaves the real world and considers a somewhat idealized magnetograph. The idealized system we shall consider consists of a telescope with an objective lens area A and given efficiency. Spectral isolation of bandwidth ABW we will assume to be small compared to the width of the spectral line being used. The optical sensor we shall assume to be photon noise limited, so that in measuring the intensity differences between the polarized light, the uncertainty is proportional to the square root of the intensity or the number of photons detected during the time of the measurement.
The sensitivity (or uncertainty) of a magnetic measurement, AB, depends upon the slope and g-factor of the spectral line used. Once this is given then one can determine how the sensitivity depends upon other parameters of the telescope system and their effect upon sensitivity can be predicted from their effect on the number of photons detected per measurement.
Figure of Merit
If a = the area of a resolution element n = the number of such resolution element per raster scan T = the time required to scan the n elements, then for a given idealized magnetograph the product n (AB)-2T-1 a -1 remains an invariant for a single point detector. If n, T, or a are changed in any way, thenOB increases or decreases to keep the product constant. Because of this fact it seems to be a good candidate for a figure of merit. It is proportional to the product Ae where A is the area of the objective lens and e the overall efficiency of the system. If the magnetograph has N data channels instead of a single point detector then one has the relationship Several remarks can be made about this figure of merit. First of all, it does not tell the whole story since it leaves out of consideration the ability to measure other important solar phenomena such as Doppler shifts. Versatility or ease in being able to vary n, T, and a is also not considered. Nevertheless, it does show the trade -offs in the idealized case.
Factors which Determine the Performance Figure
That the performance figure should be proportional to the product A Xe X N is not surprising since the photon rate per unit solar area detected by the system increases linearly with these two quantities. The 124 presence of N in the product emphasizes the great potential of multi -channel magnetographs. For example, having two channels in place of one should give as much improvement in performance as replacing the objective lens with one with twice the area. Our approach has been to strive to increase N to the largest possible value and if necessary later increase A and e.
Scanning Mode
Increasing N, however, places certain restrictions on the system. A typical Babcock magnetograph uses a single point detector (photomultiplier tube) and spectrograph with a scanning mechanism to scan the array of resolution elements under study. For purposes of illustration let us consider a 200 X 200 array. If a number of single point detectors are used simultaneously then one can no longer compensate for (and hence measure) the Doppler velocities at each point. This is the case whenever N is greater than one.
The solar magnetograph at Kitt Peak has an N = 40 through the use of 40 pairs of phototubes. This is used to scan the image in a mode which might be called a slit scan as opposed to a single point scan. Five scans of such an instrument would scan the 200 X 200 element area. A photographic method developed by Leighton and used at the Aerospace Solar Observatory also uses a slit scan producing two spectroheliograms in opposite polarity light which when subtracted yield magnetograms. This instrument can have an effective N as high as 1000.
The other scan mode is used to detect photons simultaneously in a latent image, and in this way get an effective N = 40, 000 for the example above. Only a filter can be used in this scan mode, not a spectrograph.
Detector Requirement
To detect a two -dimensional image with each resolution element being sampled simultaneously requires the use of film or a television -type image sensor. To use film has several drawbacks. Since the exposure time is usually short compared to the time interval between frames, this means that the time averaged efficiency is greatly reduced. Subtraction photographically is tedious and time consyming and averaging of many photographs is not practical.
Television, on the other hand, gives a signal in real time that is readily manipulated, subtracted, and averaged but the targets of television camera tubes can store the effects of only a limited number of photons before saturation. Thus if the photon we will assume to be small compared to the width of the spectral line being used. The optical sensor we shall assume to be photon noise limited, so that in measuring the intensity differences between the polarized light, the uncertainty is proportional to the square root of the intensity or the number of photons detected during the time of the measurement.
Figure of Merit
If a = the area of a resolution element n = the number of such resolution element per raster scan T = the time required to scan the n elements, then for a given idealized magnetograph the product n (AB)~^T a remains an invariant for a single point detector. If n, T, or a are changed in any way, thenAB increases or decreases to keep the product constant. Because of this fact it seems to be a good candidate for a figure of merit. It is proportional to the product Ae where A is the area of the objective lens and e the overall efficiency of the system. If the magnetograph has N data channels instead of a single point detector then one has the relationship oc A X e X N Several remarks can be made about this figure of merit. First of all, it does not tell the whole story since it leaves out of consideration the ability to measure other important solar phenomena such as Doppler shifts. Versatility or ease in being able to vary n, T, and a is also not considered. Nevertheless, it does show the trade-offs in the idealized case.
Factors which Determine the Performance
That the performance figure should be proportional to the product A Xe X N is not surprising since the photon rate per unit solar area detected by the system increases linearly with these two quantities. The presence of N in the product emphasizes the great potential of multi-channel magnetographs. For example, having two channels in place of one should give as much improvement in performance as replacing the objective lens with one with twice the area. Our approach has been to strive to increase N to the largest possible value and if necessary later increase A and e.
Scanning Mode
Detector Requirement
To detect a two-dimensional image with each resolution element being sampled simultaneously requires the use of film or a television-type image sensor. To use film has several drawbacks. Since the exposure time is usually short compared to the time interval between frames, this means that the time averaged efficiency is greatly reduced. Subtraction photographically is tedious and time consi^ming and averaging of many photographs is not practical.
Television, on the other hand, gives a signal in real time that is readily manipulated, subtracted, and averaged but the targets of television camera tubes can store the effects of only a limited number of photons before saturation. Thus if the photon rate (and thus figure of merit) is to be large, then the scanning rate must be high and that means a very high data rate. For example, standard rates are several MHz, and the amount of storage capacity required is considerable.
Two approaches are possible: analog and digital. Using analog subtraction and storage sets a limit to the signal -to -noise ratio (and thus sensitivity) attainable since any analog storage has its own noise added on. We therefore have designed for a digital system which is noise free once the data becomes digital, and there is no limit to the enhancement possible by use of signal averaging as far as the digital storage and processing is concerned. The possibility of doing digital calculations on the final data was another reason to aim for digital processing.
Storage and Processing Requirement
Digital processing of data at video speeds places a very stringent requirement on computing equipment. It must be very fast, and have large storage capacity. To digitize the incoming data and store on digital magnetic tape is out of the question because the data rate is 4 million bits per second, and the data rates for digital magnetic tape are of the order of 40 thousand bits per second. This means that 100 tapes units would have to be going simultaneously filling a 2000 ft. reel of magnetic tape each three seconds resulting in 9, 600 tapes in eight hours; clearly impossible, and that would be only to store the data, not analyze it.
Computing on data in real time can be much faster than storing it, but even still only the very largest and fastest (and therefore most costly) general purpose computers would be capable of such speeds and that was out of the question because of cost. A special purpose computer seemed called for, consisting of central processor, and memory which was fast enough, large enough, and low enough in cost.
High Speed, Large Capacity, Low Cost
Memory
The solution to the high speed, large capacity, and low cost memory appeared to be to use a digital disk or drum with a large number of heads. Disks and drums are used for slow, mass storage of data, but it seemed possible to use them in a sequential mode for data storage and retrieval at a very high rate. Although no one had used disks or drums in this way and simultaneously reading and writing is not done with the same disk or drum, there 125 seemed to be no reason it could not be made to work so detailed plans were made using a disk in this way. The speed attained was 250 n. s. per addition or subtraction of a 16 bit value in which the data is read off one set of tracts added to and replaced onto another set of tracts. The cost of the disk we used contained about 9 million bits at a cost of about $0. 004 per bit compared with the cost of magnetic core memories of about $0.10 per bit. Very recently LSI MOS memory has become available for about $0. 01 per bit.
It turned out that using a digital disk also allowed several other features which would be impossible with magnetic core memory.
Principles of Operation Zeeman Differences
In measurement of the longitudinal magnetic field of the sun, light from the portion of the sun under study is passed through a narrow band filter which is in one wing of the Fe I 5324 line with a passband that is small compared to the line width. That particular line was chosen because it had a relatively large g-factor of 1. 5 and was wider than the narrowest of optical filters available. Another possible choice was a very similar line at 5233.
The solar image is formed on the photocathode of a television tube which is scanned while the video output is digitized at appoximately 40, 000 points forming a 200 X 200 digital array. In this way the television image reflects the brightness digitally. When a certain point of the array comes from a region of the sun which has a longitudinal magnetic field, then Zeeman effect produces circular polarization and splits the line proportional to the magnetic field. This increases the light intensity of that point in one polarization and decreases it in the other, producing a difference DI at that point. The magnetic field is proportional to DI /I or if the response is logarithmic, I.
Data Reduction, Two -Dimensional Signal Averaging
It is of utmost importance that the intensity of a point in one polarization is subtracted from the intensity in the other polarization at the very same point. This requires that the telescope pointing be maintained and that the electron scanning beam within the television tube be maintained. To keep the latter in registry the rotating disk is used as the master clock of the system sending out three types of pulses all proportional to its rotation speed. Each clock pulse of the disk (approximately 3. 9 MHz) rate (and thus figure of merit) is to be large, then the scanning rate must be high and that means a very high data rate. For example, standard rates are several MHz, and the amount of storage capacity required is considerable.
Two approaches are possible: analog and digital. Using analog subtraction and storage sets a limit to the signal-to-noise ratio (and thus sensitivity) attainable since any analog storage has its own noise added on. We therefore have designed for a digital system which is noise free once the data becomes digital, and there is no limit to the enhancement possible by use of signal averaging as far as the digital storage and processing is concerned. The possibility of doing digital calculations on the final data was another reason to aim for digital processing.
Storage and Processing Requirement
Digital processing of data at video speeds places a very stringent requirement on computing equipment. It must be very fast, and have large storage capacity. To digitize the incoming data and store on digital magnetic tape is out of the question because the data rate is 4 million bits per second, and the data rates for digital magnetic tape are of the order of 40 thousand bits per second. This means that 100 tapes units would have to be going simultaneously filling a 2000 ft. reel of magnetic tape each three seconds resulting in 9,600 tapes in eight hours; clearly impossible, and that would be only to store the data, not analyze it.
High Speed, Large Capacity, Low Cost Memory
The solution to the high speed, large capacity, and low cost memory appeared to be to use a digital disk or drum with a large number of heads. Disks and drums are used for slow, mass storage of data, but it seemed possible to use them in a sequential mode for data storage and retrieval at a very high rate. Although no one had used disks or drums in this way and simultaneously reading and writing is not done with the same disk or drum, there seemed to be no reason it could not be made to work so detailed plans were made using a disk in this way. The speed attained was 250 n. s. per addition or subtraction of a 16 bit value in which the data is read off one set of tracts added to and replaced onto another set of tracts. The cost of the disk we used contained about 9 million bits at a cost of about $0. 004 per bit compared with the cost of magnetic core memories of about $0.10 per bit. Very recently LSI MOS memory has become available for about $0. 01 per bit.
It turned out that using a digital disk also allowed several other features which would be impossible with magnetic core memory,
Principles of Operation Zeeman Differences
In measurement of the longitudinal magnetic field of the sun, light from the portion of the sun under study is passed through a narrow band filter which is in one wing of the Fe I 5324 line with a passband that is small compared to the line "width. That particular line was chosen because it had a relatively large g-factor of 1. 5 and was wider than the narrowest of optical filters available. Another possible choice was a very similar line at 5233.
The solar image is formed on the photocathode of a television tube which is scanned while the video output is digitized at appoximately 40, 000 points forming a 200 X 200 digital array. In this way the television image reflects the brightness digitally. When a certain point of the array comes from a region of the sun which has a longitudinal magnetic field, then Zeeman effect produces circular polarization and splits the line proportional to the magnetic field. This increases the light intensity of that point in one polarization and decreases it in the other, producing a difference AI at that point. The magnetic field is proportional to AI/I or if the response is logarithmic, AI.
Data Reduction, Two -Dimensional Signal Averaging
It is of utmost importance that the intensity of a point in one polarization is subtracted from the intensity in the other polarization at the very same point. This requires that the telescope pointing be maintained and that the electron scanning beam within the television tube be maintained. To keep the latter in registry the rotating disk is used as the master clock of the system sending out three types of pulses all proportional to its rotation speed. Each clock pulse of the disk (approximately 3. 9 MHz) causes a pulse to go to the analog -to-digital converter; each 256 clock pulses sends a horizontal line pulse indicating a new sweep of the scanning beam and each 256 horizontal line pulses sends a vertical line pulse to start a new vertical scan. The clock pulse has precisely 256 X 512 pulses so that each rotation is two fields.
Frames representing different circular polarizations are added or subtracted. The result is that the signals due to magnetic fields add while the noise being random sometimes adds and sometimes cancels. The end result is that the signal goes as N where N is the number of frames while the noise (or uncertainty) goes as tiN, thus giving a signal -to -noise enhancement proportional to ON.. To our knowledge this is the first application of digital signal averaging of signals for two -dimension difference images.
Data Presentation and Further Analysis
At this point the magnetic field data is digital and difficult to interpret. For display of the results each of the 40, 000 values is converted into a 3 bit number representing eight brightnesses and stored on three tracks of the disk devoted to display. These three tracks are fed to a digital -to-analog converter which is fed to the video input of a television monitor which then displays the resultant magnetic fields. A movie camera is ready to record this display and may be triggered by the computer under program control.
The original 16 bit data can be stored on digital magnetic tape for further data analysis, or short analyses can be done by the general purpose computer while the next magnetic field is being calculated. A limited number of calculations can also be done by the high -speed special purpose cornputer such as measuring distributions or percentiles over particular regions of interest using a light pen if necessary.
Description of Equipment Optical
The optical system is shown in Figure  1 . It consists of a 6" diameter, 48" objective lens, 45 degree mirror flat, aperture stop of polished metal at the prime focus, enlarging lens which can have a focal length of 50 to 100 mm, another 45° flat, quarter wave plate which can be flipped or KDP crystal, narrow band filter and SEC camera tube.
In a typical arrangement the overall 
Polarizer
At the time of the writing the KDP crystal has shattered and the polarizing changes are produced by a mica quarter wave plate which is flipped by a stepping motor.
Optical Filter
The optical filter is a hybrid filter with a solid Fabry -Perot mica spaced filter followed by four birefringent elements of calcite. This is patterned after the filter developed by Harry Ramsey.
Video Camera and Signal
The television camera is a Westinghouse SEC tube which has target magnification, good sensitivity, high target capacity, and low lag. It has an automatic gain control feature which automatically adjusts the causes a pulse to go to the analog-to-digital converter; each 256 clock pulses sends a horizontal line pulse indicating a new sweep of the scanning beam and each 256 horizontal line pulses sends a vertical line pulse to start a new vertical scan. The clock pulse has precisely 256 X 512 pulses so that each rotation is two fields.
Frames representing different circular polarizations are added or subtracted. The result is that the signals due to magnetic fields add while the noise being random sometimes adds and sometimes cancels. The end result is that the signal goes as N where N is the number of frames while the noise (or uncertainty) goes asN/N, thus giving a signal-to-noise enhancement proportional tON/N. To our knowledge this is the first application of digital signal averaging of signals for two-dimension difference images.
Data Presentation and Further Analysis
At this point the magnetic field data is digital and difficult to interpret. For display of the results each of the 40, 000values is converted into a 3 bit number representing eight brightnesses and stored on three tracks of the disk devoted to display. These three tracks are fed to a digital-to-analog converter which is fed to the video input of a television monitor which then displays the resultant magnetic fields. A movie camera is ready to record this display and may be triggered by the computer under program control.
The original 16 bit data can be stored on digital magnetic tape for further data analysis, or short analyses can be done by the general purpose computer while the next magnetic field is being calculated. A limited number of calculations can also be done by the high-speed special purpose computer such as measuring distributions or percentiles over particular regions of interest using a light pen if necessary.
Description of Equipment Optical
In a typical arrangement the overall F/no of the system is 50 with, a field of view 
Polarizer
Optical Filter
The optical filter is a hybrid filter with a solid Fabry-Perot mica spaced filter followed by four birefringent elements of calcite. This is patterned after the filter developed by Harry Ramsey.
Video Camera and Signal
The television camera is a Westinghouse SEC tube which has target magnification, good sensitivity, high target capacity, and low lag. It has an automatic gain control feature which automatically adjusts the target high voltage which changes the multiplication which occurs at the target to correct for the light level.
The video signal is then amplified by a low noise preamplifier and enters the digital system shown schematically in Figure  2 . We built an additional amplifier with Figure 2 . Diagram of the Digital System adjustable gain to adjust the output to the analog -to-digital converter. The digitalto-analog converter converts the signal to an 8 bit value on command each 250 n. s. and inputs the result into the high speed adder or subtractor.
High Speed Special Purpose Computer
This adder -subtractor circuit adds data from 16 tracks to 8 bit data from the analog -to-digital converter or from a special register. By use of this register a given constant can be added or subtracted from all of the data. A counter counts the number smaller or larger than the number in a frame or a selected portion of a frame which has been stored on a special "mask" track. By the use of this bias register, accumulation counter, and mask track, brightness distributions can be very quickly 127 created, and arrays of 16 bit numbers can be quickly reduced to arrays of 3 bit numbers. The mask tracks can be generated by the general purpose computer, the light pen, or the picture itself if region of interest is bounded by a contour.
The data in this high -speed section of the disk processes four bits each addition cycle because of delays so a special origin counter keeps track of the data in this part of the disk.
Display Section
After the data has been converted into 3 bits, it is transferred to three special tracks connected to an analog -to-digital converter which feeds into a television monitor. Actually there are two such 3 bit ADC's and two 1 bit ADC's with provision for more if required (for example for color).
On the single display tracks alphanumeric data can be placed or graphical data can be displayed.
Storage and Analysis Sections Thirty -two tracks of the digital disk are available for storage of data. Data can be transferred between parts of the disk either track by track or eight tracks at a time, and between the disk and the general purpose computer by use of a buffer which is 2048 bits in size and can operate either at high speed for transfers to and from the disk or at low speed for transfer to and from the general purpose computer.
The general purpose computer is a Varian Data Machine 620i computer equipped with digital magnetic tape units for storage of magnetic field data as well as for input of computer programs for different programs.
Performance Analysis and Results
Sensitivity
We shall divide the discussion of performance into those factors which affect the performance figure of merit mentioned in the introduction (which reduces to sensitivity when resolution, time, and size of the array are held constant) and other criteria such as resolution and versatility.
Because all data manipulation downstream of the ADC is digital, the factors affecting the sensitivity (or figure of merit) is limited to three: guiding and seeing variations, spectral and polarization purity, and video signal -to-noise.
It is expected that over the next two years further improvement in these areas will improve the sensitivity by a factor of about thirty so that very weak fields can be studied. At present the limit for reasonable times and moderate resolution is about target high voltage which changes the multiplication which occurs at the target to correct for the light level.
The video signal is then amplified by a low noise preamplifier and enters the digital system shown schematically in Figure  2 . We built an additional amplifier with
VIDEO-DIGITAL PROCESSOR
130,000 BITS/TRACK 72 TRACK DIGITAL DISK Figure 2 . Diagram of the Digital System adjustable gain to adjust the output to the analog-to-digital converter. The digitalto-analog converter converts the signal to an 8 bit value on command each 250 n. s. and inputs the result into the high speed adder or subtracter.
High Speed Special Purpose Computer
This adder-subtracter circuit adds data from 16 tracks to 8 bit data from the analog-to-digital converter or from a special register. By use of this register a given constant can be added or subtracted from all of the data. A counter counts the number smaller or larger than the number in a frame or a selected portion of a frame which has been stored on a special "mask" track. By the use of this bias register, accumulation counter, and mask track, brightness distributions can be very quickly created, and arrays of 16 bit numbers can be quickly reduced to arrays of 3 bit numbers. The mask tracks can be generated by the general purpose computer, the light pen, or the picture itself if region of interest is bounded by a contour.
The data in this high-speed section of the disk processes four bits each addition cycle because of delays so a special origin counter keeps track of the data in this part of the disk.
Display Section
After the data has been converted into 3 bits, it is transferred to three special tracks connected to an analog-to-digital converter which feeds into a television monitor. Actually there are two such 3 bit ADC's and two 1 bit ADC's with provision for more if required (for example for color). On the single display tracks alphanumeric data can be placed or graphical data can be displayed.
Storage and Analysis Sections
Thirty-two tracks of the digital disk are available for storage of data. Data can be transferred between parts of the disk either track by track or eight tracks at a time, and between the disk and the general purpose computer by use of a buffer which is 2048 bits in size and can operate either at high speed for transfers to and from the disk or at low speed for transfer to and from the general purpose computer.
The general purpose computer is a Varian Data Machine 62Oi computer equipped with digital magnetic tape units for storage of magnetic field data as well as for input of computer programs for different programs.
Sensitivity
Because all data manipulation downstream of the ADC is digital, the factors affecting the sensitivity (or figure of merit) is limited to three: guiding and seeing variations, spectral and polarization purity, and video signal-to-noise.
It is expected that over the next two years further improvement in these areas will improve the sensitivity by a factor of about thirty so that very weak fields can be studied. At present the limit for reasonable times and moderate resolution is about Figure 3 . Typical Solar Videomagnetogram of a small part of the solar surface 40 -50 Gauss, the levels found at supergranule boundaries.
Re suits A typical videomagnetogram is shown in Figure 3 . Areas of no field are gray while positive field shows white arid negative fields show black. This magnetogram results from the average of 400 frame differences and takes less than one minute to obtain. The sixteen brightness computer generated display requires about a second to generate and display. While the next magnetogram is being computed, certain calculations are done on the previous magnetogram. One such calculation is the integral of the square of the magnetic field which is proportional to the magnetic energy content of the sun's lower chromosphere. A plot of such values before and after 5 subflares in Figure 4 shows no measurable magnetic energy change. A search for such changes is just one aspect of solar magnetic field evolution which is being studied by this system. 
Results
A typical vide omagne tog ram is shown in Figure 3 . Areas of no field are gray while positive field shows white arid negative fields show black. This magnetogram results from the average of 400 frame differences and takes less than one minute to obtain. The sixteen brightness computer generated display requires about a second to generate and display. While the next magnetogram is being computed, certain calculations are done on the previous magnetogram. One such calculation is the integral of the square of the magnetic field which is proportional to the magnetic energy content of the sun's lower chromosphere. A plot of such values before and after 5 sub flares in Figure 4 shows no measurable magnetic energy change. A search for such changes is just one aspect of solar magnetic field evolution which is being studied by this system. 
